Background
==========

Scorpion stings have been reported in most regions of the world. Geographically, scorpions are found at latitudes between 50 degrees north and 52 degrees south of the equator) \[[@B1]\]. Scorpion envenomation is one of the most important health problems in the tropical regions, which unfortunately results in thousands of deaths, annually \[[@B1]-[@B4]\]. Scorpion stings constitute a major health problem in Iran (45000-50000 cases - about 19 death per year) and adjacent countries (Iraq, Pakistan, Saudi Arabia, Oman, Yemen, and the United Arab Emirates). Scorpion stings are more prevalent in the southern and southwestern regions of Iran including Khuzestan province, where their high frequency has caused severe clinical manifestations \[[@B5], [@B6]\]. According to the World Health Organization, despite the large number of scorpion envenomings, the actual incidence rates for scorpion stings in different geographical regions and countries are not clear \[[@B7]\].

Scorpions are venomous arthropods, members of the class *Arachnida*and order*Scorpiones* \[[@B8]\]. So far, about 2200 scorpion species have been identified and introduced \[[@B9]\], of which only about 25 are considered life-threatening to humans \[[@B10]\]. *Hemiscorpius lepturus, Androctonus crassicauda*, and*Mesobuthus eupeus*are the main species responsible for stings in Iran. The species *H. lepturus* is endemic in areas of southwestern Iran, where *Androctonus crassicauda* is the second most common species \[[@B11]-[@B13]\].

Scorpion envenomation mostly causes local and systemic manifestation. Localized pain is the first symptom in most cases. The severity of symptoms depends on the scorpion\'s species, age and size. Children are more likely to suffer from severe envenomation \[[@B14], [@B15]\]. The local signs of scorpion sting include itching, erythema, local swelling, and ascending hyperesthesia that persists for several weeks \[[@B16]\].

Systemic manifestations are particularly prominent due to different scorpion venom toxins that affect sodium channels, block potassium and calcium channels, or modify chloride channels \[[@B17]-[@B20]\]. Thus, scorpion envenomation can be classified into three categories based on the intensity of the initial symptoms: mild, moderate or severe ([Table 1](#t1){ref-type="table"}).

Table 1.Classification of scorpion envenomation based on the intensity of the initial symptoms \[[@B16]-[@B20]\]Scorpion envenomationSymptomsMildPain, edema, erythema, and sweating symptoms are present.ModerateNausea, abdominal pain, tachypnea, tachycardia or bradycardia, mild hypertension, sweating, high fever, restlessness, hypersalivation, priapism, and hyperglycemia symptoms are evident.SevereCardiovascular complications (congestive heart failure, hypertension and cardiac arrhythmias), pulmonary edema (edema* *and* *respiratory distress syndrome), gastrointestinal problems (acute pancreatitis*)*, metabolic complications \[hyperglycemia, hyperkalemia, hypokalemia or imbalance of the acidic and basic (alkaline) compounds in blood\], and neurological symptoms (hypertensive encephalopathy, coma, or seizure).

Scorpions have been observed in many habitats and can survive under severe conditions. Some scorpion species have adapted their activity inside or around human residential areas, thereby increasing the probability of their encounters with humans. So, in these cases, scorpions threaten more persons \[[@B21]\]. Considering the high scorpion prevalence in some areas, pregnant women and mothers may be potential victims of scorpion envenomation. Some previous studies in Khuzestan province in Iran have reported that most scorpion-sting victims were female homemakers \[[@B11], [@B22]\]. However, the available medical data on the effects of the scorpion envenomation on pregnancy outcomes are not only insufficient but also somewhat controversial \[[@B23]\]. The aim of the present study was to examine the effect of scorpion envenomation on pregnancy outcomes, maternal and prenatal-neonatal complications, in pregnant women referred to the Clinical Toxicology Unit of Ahvaz Razi Hospital (Khuzestan province, southwestern Iran).

Methods
=======

This descriptive/analytical cross-sectional study was conducted retrospectively in the Clinical Toxicology Unit of Ahvaz Razi Hospital (Khuzestan province, Iran), from October 1, 2015 to October 1, 2017. After obtaining ethics approvals from the Research Ethics Committee (approval number: IR.AJUMS.REC.1397.547 in Nov. 3, 2018) and written informed consent, women who had been envenomed by a scorpion and referred to Ahvaz Razi Hospital were selected for the study. Medical records including maternal age, gestational age, scorpion species, patient residency, laboratory disorders, sting site, sting severity, and sting time were collected using both medical files and a questionnaire administered during the hospital visit. Pregnancy and neonatal outcomes were evaluated from hospital medical records. Participants lacking either accurate information about the treatment process or complete medical records were excluded from these analyses. Finally, a total of 66 pregnant scorpion-envenomed women were selected.

The envenomed women were from Ahvaz and such surrounding cities as Molasani, Kut Abdollah, Hamidieh and Shadegan. Some brought the scorpion that stung them. The scorpion species were determined by conforming to Farzanpay's key of identification \[[@B24]\]. The scorpion that stung the remaining referents was denominated an unidentified scorpion.

Scorpion envenomation was classified into three categories based on the intensity of the initial symptoms: mild, moderate or severe \[[@B16]-[@B20]\]. Treatment was divided into three categories: supportive (antihistamines, analgesics, antibiotics, steroids, anti-tetanus, etc.), specific (antivenom), and advanced (based on the involved organ including dialysis in kidney failure).

Pregnancy outcomes include normal birth, miscarriage, stillbirth and preterm birth. Miscarriage, stillbirth, and preterm birth were classified as adverse pregnancy outcomes.

The "Apgar Score" method was used for evaluation of the newborn infants. Scores of 8 and above were considered generally normal \[[@B25]\]. Malformation of neonates was evaluated based on clinical examination by a pediatrician.

Finally, statistical relationships were determined between adverse pregnancy outcomes and the following variables: maternal age, scorpion species, patient location, laboratory anomalies, gestational age, bite location, severity of scorpion sting, fetal/ neonatal complications and maternal complications (such as hypertension, chest pain and maternal bleeding).

The data were compiled using Microsoft Excel ^®^ and analyzed using the software SPSS ^®^ (version 24.0). The *mean*±*SD* of the variables was calculated. Differences between groups were analyzed using a *t*-test for independent samples. To verify possible differences between nominal scaled variables, a chi*-*square test was performed. Significance was accepted at the P \< 0.05 level.

Reliability reported for the data of this study was measured using test-retest with ICC values ranging between 0.91 and 0.94. Validity was analyzed using the PEDro scale \[[@B26]\] by two independent reviewers, with disagreements resolved via consensus.

Results
=======

A total of 66 pregnant women with scorpion envenomation were studied. The mean age of the participants was 26.8 years (range: 17-42 years). The minimum gestational age was 5 weeks and the maximum was 40 weeks. The mean gestational age was 24.27 (M = 24.27, SD = 2.2 weeks). All of the women received antivenom 6 to 12 hours after the envenomation.

Of the total pregnant women, 23 cases (34.8%) were envenomed by *H. lepturus*, 11 cases (16.7%) by *A. crassicauda*, and 32 cases (48.5%) were envenomed by unidentified scorpion species ([Figure 1, A](#f1){ref-type="fig"}). *H. lepturus* was distinguished by morphological characteristics including transparency to turbid yellow body color, pedipalps and legs lighter in color, reddish brown pedipalps and brown spots at the end of the legs. The moving fingers of chelicerae have two branches. The following three main features were considered for recognition of *A. crassicauda*: body color ranging from dark brown to black, narrower pedipalp (Chelae) than patella in adults, and pedipalp fingers with many denticles.

Thirty-four cases (51.5%) of stung pregnant women were residing in urban areas and 32 cases (48.5%) were rural residents ([Figure 1, B](#f1){ref-type="fig"}). Furthermore, 17 cases (25.8%) were stung at night versus 49 cases (74.2%) during the daytime ([Figure 1, C](#f1){ref-type="fig"}). In 26 cases (39.4%) laboratory anomalies were evident and no laboratory anomalies was observed among the remaining participants (n = 40, 60.6%) ([Figure 1, D](#f1){ref-type="fig"}). Sting sites were head and neck (n = 2, 3%), trunk (n = 10, 15.1%), upper extremity (n = 24, 36.4%), and lower extremity (n = 30, 45.5%) ([Figure 1, E](#f1){ref-type="fig"}). The most common sting site was a lower extremity. Fifty-seven cases (86.4%) had mild clinical symptoms, and 9 (16.6%) cases showed moderate clinical symptoms of scorpion envenomation. None of the patients presented severe clinical symptoms ([Figure 1, F](#f1){ref-type="fig"})*.*

Figure 1.Frequency percentage of different variables of envenomed pregnant women referred to Ahvaz Razi Hospital, Iran.

The following results are related to pregnancy outcome: miscarriage = 1.5% (n = 1), stillbirth = 4.5% (n = 3), preterm birth = 10.6% (n = 7), normal birth = 83% (n = 55) ([Figure 2, A](#f2){ref-type="fig"}). Overall, 16.6% of pregnancy outcomes were adverse. Miscarriage occurred at the gestational age of 10 weeks. Preterm birth at gestational ages of 26, 28, 30, 32, and 34 weeks happened 2, 2, 1, 1, and 1 case, respectively. Stillbirth occurred at gestational ages of 22, 24, and 30 weeks. All of the preterm births, except two (happened in third and fourth week) happened within one to two weeks after envenomation.

Among 62 scorpion-envenomed women (miscarriage and stillbirth were excluded) whose pregnancy led to birth 11(17.7%) cases had prenatal-neonatal complications, but no prenatal-neonatal complications were recorded among the rest of the participants (n = 51, 82.3%) ([Figure 2, B](#f2){ref-type="fig"}). Neonatal complications including prematurity and Apgar score less than 8 points at 5 min was found in 7 (11.3%) preterm birth cases. However, neonatal complications following normal birth were also found in 4 (6.4%) cases that included Apgar score less than 8 points and birth weight less than 2500g ([Table 2](#t2){ref-type="table"}).

Figure 2.Frequency percentage of **(A)** pregnancy outcomes, and **(B)** prenatal-neonatal complications, in envenomed pregnant women.

Table 2.Prenatal-neonatal complications in stung womenPrenatal-neonatal complicationsNumbersTypeFollowing preterm birth7 (11.3%)Apgar score less than 8 points at 5 minFollowing normal birth4 (6.4%)Apgar score less than 8 points at 5 minLow-birth-weight neonates (under 2500g)

[Tables 3](#t3){ref-type="table"}-[7](#t7){ref-type="table"} display the frequency of pregnancy outcomes based on the variables maternal age, gestational age, scorpion species, patient residency, laboratory disorders, fetal/neonatal complications, sting site, severity of scorpion sting and sting time. No maternal complications were observed.

Table 3.Frequency of pregnancy outcomes based on maternal age and gestational age in scorpion-envenomed pregnant women.Pregnancy outcomeNumbers (%)Maternal age (Mean)Gestational age (Mean)**Adverse**1125.272724.3273**Normal**5528.036426.7273

Table 4.Frequency of pregnancy outcomes based on scorpion species.Stung by scorpionsPregnancy outcomeTotalAdverseNormal*A. crassicauda*01111(0%)(100%)*H. lepturus*41923(17.4%)(82.6%)Unknown species72532(21.9%)(78.1%)Total115566(16.7%)(83.3%)

Table 5.Frequency of pregnancy outcomes based on patient residency, sting time, laboratory anomalies and prenatal-neonatal complications.Pregnancy outcomeResidential areasSting timeLaboratory anomaliesPrenatal-neonatal complicationsRural areasUrban areasNightDuring day timeHaveDon't havePresentAbsenceAdverse74473870(20.6%)(12.5%)(23.5%)(14.3%)(11.5%)(20%)(100%)Normal2728134223324(7.3%)51(92.7%)(79.4%)(87.5%)(76.5%)(85.7%)(88.5%)(80%)Total3432174917491151

Table 6.Frequency of pregnancy outcomes based on sting location.Sting locationPregnancy outcomeTotalAdverseNormalHead, neck and trunk6612Extremity (upper and lower)54954Total115566

Table 7.Frequency of pregnancy outcomes based on severity of scorpion sting.Severity of scorpion stingPregnancy outcomeTotalAdverseNormalMild104757(17.5%)(82.5%)Moderate189(11/1%)(88.9%)Severe009(0%)(0%)Total115566

All adverse pregnancy outcomes were associated with prenatal-neonatal complications. The relationship between adverse pregnancy outcomes and various variables was assessed by *t-test* and *chi-square* test. The results with obtained P-values are displayed in [Table 8](#t8){ref-type="table"}.

A future study should investigate the relationship between adverse pregnancy outcomes and scorpion species, given that unknown scorpions ([Table 4](#t4){ref-type="table"}) were not included in the statistical analysis, and the relationship was assessed between known species and adverse pregnancy outcomes.

Table 8.Relationship between adverse pregnancy outcomes and eight variablesVariableRelationship with adverse pregnancy outcomesStatistical significanceP-value in t-testP-value in chi-squareMaternal age0.160.16NoScorpion species0.043YesPatient residency0.27NoSting time0.37NoLaboratory anomalies0.36NoGestational age0.38NoSting location0.02YesSeverity of scorpion sting0.43No

A statistically significant difference was found between adverse pregnancy outcomes and the scorpion species, as well as the envenomation site (p \< 0.05).

Discussion
==========

Despite its importance, there is insufficient information on the effects of scorpion envenomation on pregnancy and neonatal outcomes, and unfortunately the available data is controversial \[[@B23]\]. Therefore, the present study aimed to assess the possible toxic effects of scorpionism on pregnancy and neonatal outcomes. The present study was conducted on 66 scorpion-envenomed pregnant women referred to the clinical toxicology unit of Ahvaz Razi Hospital. Statistical analysis of data obtained from the medical records revealed a significant association between adverse pregnancy outcomes (miscarriage, stillbirth, and preterm birth) and scorpion sting. In addition, a statistically significant relationship was determined between adverse pregnancy outcomes and the scorpion species, as well as the envenomation site, but there was no relationship between adverse pregnancy outcomes and other variables including: maternal age, laboratory anomalies, gestational age, fetal/ neonatal complications, severity of scorpion sting, or maternal complications.

Scorpion stings constitute an important health concern in Iran as well as throughout the world because of their severity, extent and wide range of clinical effects. Khuzestan, in southwestern Iran, has the highest frequency of scorpionism. Despite the high prevalence of scorpionism, the effect of a scorpion sting on the mother and the fetus has not been elucidated precisely. Some animal studies have been conducted to reveal these effects \[[@B27]-[@B32]\]. However, their results are somewhat controversial. In addition, Kaplanoglu *et al*. \[[@B33]\] and Ates *et al*. \[[@B34]\] examined how scorpion envenomation affected pregnancy outcomes in 11 and 24 scorpion-envenomed women, respectively. The results of their study showed no significant adverse effects from scorpion stings during pregnancy on the fetus or mother. However, in the current research, 16.6% of envenomed pregnant women have adverse pregnancy outcome with preterm birth presenting the highest frequency (10.6%). These observations corroborate a study by Mendonça *et al.*, which indicated that toxin T~1~ from the venom of the Brazilian scorpion *Tityus serrulatus* induced the contraction of the isolated rat uterus due to actions on post-ganglionic autonomic nerve endings, along with acetylcholine release and stimulation of muscarinic receptors \[[@B28]\]. Previously, some studies had reported that venom toxins from the scorpions *Leiurus quinquestriatus* and *Pandinus exitialis* produced a powerful contraction of the rat uterus \[[@B35], [@B36]\]. Given that regular uterine contractions* *starting before 37 weeks of the pregnancy can lead to preterm labor and subsequent preterm birth \[[@B37]\], it can be concluded that scorpion venom can cause preterm birth, as observed in the present study.

In another study, Ben Nasr *et al*. also concluded that scorpion envenomation may lead to abnormal uterine contraction and probably cause preterm fetal birth in pregnant women \[[@B38]\]. Similarly, the experimental injection of *Buthus occitanus tunetanus* venom toxin in an experimental murine model of gestation induced a dynamic dystocia during the end of pregnancy in agreement with Ben Nasr *et al*.\'s study \[[@B29]\]. Ben Nasr *et al*. also showed that *B. o. tunetanus* crude venom induces significant increase in lipid peroxidation of maternal, placental and fetal tissues, associated with blood pressure elevation in pregnant rats; therefore, it can be life threatening perhaps leading to fetal loss and even maternal death \[[@B30]\]. Fetal loss in miscarriage (1.5%) and stillbirth (4.5%) also occurred in the scorpion-envenomed pregnant women of this study. However, no maternal alterations were observed.

The toxicity related to scorpion stings is, in fact, mainly due to the activity of venom toxins affecting the functioning of ion (Na^+^, K^+^, Ca^++^, Cl^-^) channels \[[@B39]\]. Despite the health threat posed by scorpion toxins, they are also as a potential source for human drug candidates in some cases. Scorpion venom compounds have been studied for many years as a platform for human drugs \[[@B40]\]. Mendonça *et al*. confirmed the cholinergic activity of toxin T~1~ of *Tityus serrulatus* that induced uterine contractions, reinforced by Neostigmine and inhibited by Atropine pregnancy \[[@B28]\]. On the other hand, the effect of venom toxins from the scorpions *Leiurus quinquestriatus* and *Pandinus exitialis* were indicated through release of kinins, prostaglandins and/or slow-reacting substances \[[@B35], [@B36]\]. These features of scorpion toxins might subsequently be employed to create a medication for induction of labor in post-term pregnancy. In the current study, preterm birth occurred in pregnant women envenomed by *H. lepturus*, i.e., the venom of this species also contains toxin/toxins that evoked uterine contraction and can be a candidate drug for post-term pregnancy. However, more research is necessary to prove this hypothesis.

Pipelzadeh *et al*. reported that *H. lepturus* was responsible for 30% of the scorpion stings in Iran \[[@B41]\]. *A. crassicauda*is the second most dangerous scorpion in Iran \[[@B42]\], and was implicated by Vazirianzadeh *et al.* in 27% of scorpion stings in 2007 \[[@B43]\]*.*In the current study 48.5% of pregnant women were envenomed by *A. crassicauda*, and 16.7% by *H. lepturus.* There were no adverse pregnancy outcomes in pregnant women envenomed by *A. crassicauda*. However, 17.4 % and 21.9% of envenomed-pregnant women with adverse pregnancy outcomes were stung by *H. lepturus* and unknown species, respectively. There was a statistically significant relationship between scorpion species and adverse pregnancy outcomes (P-value = 0.043). The high rates of pregnancy-related complications attributed herein to *H. lepturus* envenomation may have been provoked by the powerful neurotoxic, cytotoxic and hemolytic activities of *H. lepturus* toxins \[[@B40]\]. These data should serve as a warning to all the inhabitants of areas with a high distribution of *H. lepturus* such as Iran and adjacent countries (Iraq, Pakistan, Saudi Arabia, Oman, Yemen and the United Arab Emirates) \[[@B12]\].

A significant relationship was found between adverse pregnancy outcomes and sting site (P-value = 0.02). Although in the present study like some other studies \[[@B34], [@B44], [@B45]\] the most common scorpion sting site was a lower extremity (45.5%), the stings on the trunk, head and neck (18.1%) site provoked more pregnancy-related complications compared to other sting sites. The correlation between sting site and adverse pregnancy outcomes was not clarified in the previous literature.

Among the scorpion-envenomed women whose pregnancy led to birth, all neonates following preterm birth and 6.4% of neonates following normal birth presented some prenatal-neonatal complication. Neonatal complications included Apgar score less than 8 points and birth weight lower than 2500g ([Table 2](#t2){ref-type="table"}). Fetal weight loss was also observed formerly in many of the viable fetuses obtained from pregnant rats treated with venom from the scorpion *A. amorexi*, the effect of which was also associated with vertebral and ossification defects in low fetal weight \[[@B46]\]. But herein there was no evidence of skeletal or visceral malformations in prenatal-neonatal offspring of stung women, which is consistent with the result of Dorce ALC, *et al*.\'s study \[[@B32]\]. However, Ben Nasr *et al*. suggested that *B. o. tunetanus* scorpion envenomation during pregnancy can result in intrauterine fetal alterations and growth impairment in rats \[[@B30]\]. Similarly, Ismail*et al.* found that the venom of*Buthus minax*caused skeleton malformation in goats and induced fetal resorption in pregnant women stung by *B. minax* \[[@B27]\].

Except for four cases of low-birth-weight neonates in the present study, no complex problems were observed in relation to fetal development in scorpion-envenomed pregnant women. Nevertheless, Dorce ALC, *et al*., concluded that moderate envenomation by the scorpion*Tityus bahiensis* alters maternal reproductive performance and fetal development of pregnant female rats \[[@B32]\]. Overall, it seems that stings by different scorpion species may provoke different effects on neonatal outcomes.

All the results observed in the present study are a direct consequence of the action of venom toxins in pregnant women and their neonates, which should be assessed in future studies.

Conclusion
==========

In conclusion, scorpion envenomation can lead to pregnancy complications. There is a relationship between scorpion envenomation and adverse pregnancy outcomes. Moreover, bite location and the type of scorpion species can be significant factors for predicting an adverse pregnancy outcome in scorpion-envenomed pregnant women. It was found that *H. lepturus* can augment pregnancy complications. To investigate possible disorders, prospective studies of neonates born to scorpion-envenomed mothers, along with follow-up in the months thereafter, can provide generalizable results and additional data.
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